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We combine mist-net data from 24 disturbance treatments taken from seven studies on the
responses of understorey Amazonian birds to selective logging, single and recurrent wild-
fires, and habitat fragmentation. The different disturbance treatments had distinct effects
on avian guild structure, and fire disturbance and the isolation of forest patches resulted in
bird communities that were most divergent from those in continuous, undisturbed forest
in terms of their species composition. Although low-intensity logging treatments had the
least noticeable effects, the composition of understorey birds was still markedly different
from the composition in undisturbed forest. This analysis demonstrates the importance
of preventing habitat fragmentation and the spread of fires in humid tropical forests,
and highlights the need for more research to determine the long-term suitability of large
areas of degraded forest for forest birds.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

of forest disturbance affect resource availability and change
the physical environment, and may alter the density, biomass

Although tropical forests continue to be threatened by high
rates of deforestation (Skole and Tucker, 1993; Whitmore,
1997; Laurance et al., 2001a), the area of remaining forest that
is degraded by anthropogenic disturbance each year is much
larger than that converted to alternative land uses (Skole and
Tucker, 1993; Barreto et al., 2004). These contemporary forms

or spatial distribution of the biota (White and Pickett, 1985;
Walker and del Moral, 2003). The composition and structure
of tropical forests and their soils are altered as a result of
selective logging, wildfires and edge-effects (e.g. Uhl and
Buschbacher, 1985; Cochrane and Schulze, 1998; Pinard
et al., 2000; Fimbel et al., 2001; Malcolm, 2001; Putz et al.,
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2001; Laurance et al., 2002; Fredericksen and Pariona, 2002;
van Nieuwstadt, 2002; Barlow and Peres, 2004a), while defor-
estation affects the dynamics of the matrix habitat, which
can increase fragment isolation (Stouffer and Bierregaard,
1995a,b; Gascon et al., 2000). However, little is known about
the relative severity of these different forms of disturbance.
We address this by using mist-net data from seven different
studies that examined the responses of understorey birds to
selective logging, fire, and fragmentation (see Tables 1 and
2). We provide a quantitative appraisal of the relative severity
of these different types of disturbance, and assess their impli-
cations for conservation and future research priorities.

Deforestation and land-use change has led to the creation
of many small forest isolates in the highly fragmented land-
scapes along active frontiers (Peres and Michalski, in press),
contributing to the creation of up to 20,000 km of forest edges
each year in the Brazilian Amazon alone (M. Cochrane and D.
Skole, pers. comm.). Logging operations have also been
expanding dramatically in the Amazon in recent years (Lau-
rance, 1998) with the annual extraction of approximately 7
million trees worth $2.5 billion (Lentini et al., 2003). The inten-
sity of these logging practices vary greatly, and although 80%
of all logging operations are estimated to be illegal and poorly
executed (Laurance, 1998), the recent designation of 50 mil-
lion ha of National forests (12% of the Brazilian Amazon) indi-
cates that reduced impact methods could soon be
implemented across large tracts of tropical forest (Verissimo
et al., 2002; Verissimo and Barreto, 2004).

Selective logging and fragmentation also reduce forest
flammability thresholds (Uhl and Buschbacher, 1985; Holds-
worth and Uhl, 1997; Cochrane and Laurance, 2002), and com-
bined with droughts induced by ENSO (El-Nifio Southern
Oscillation) events have led to a substantial increase in the
prevalence of fires in humid tropical forests in recent years.
Although 40,000 km? of Amazonian forest are estimated to
have burned during the 1998 dry season (Diaz et al., 2002),
the potential extent of wildfires is much greater. As many as
1.5 million km? could become highly vulnerable to wildfires
during ENSO years (Nepstad et al., 2001), and 259,000 km? of
forest along the ’deforestation arc’ are estimated to be at risk
from recurrent fires (Cochrane, 2001).

The effects of these disturbances on forest wildlife have
been quantified across many geographic regions and for

many taxa (Putz et al., 2001 and Fimbel et al., 2001 for selec-
tive logging, Turner, 1996 and Laurance et al., 2002 for frag-
mentation, and Barlow and Peres, 2004a for fires). Birds are
one of the best known of these tropical taxa (Dunn, 2004),
and the extent to which tropical forest avifaunas are affected
by current anthropogenic activities has been related to the
extraction rate and the degree of collateral damage in selec-
tive logging operations (Johns, 1991; Mason, 1996), the initial
burn severity and the resulting tree mortality from fires (Bar-
low and Peres, 2004b), and the size of forest fragments (Bier-
regaard and Lovejoy, 1989; Stouffer and Borges, 2001).
However, the relative effects of these different disturbance
types are harder to predict, as forest wildlife may respond
to the composition of the surrounding landscape, or the ex-
tent of disturbance-induced regeneration (Farhig, 2003). A
quantitative assessment of the relative severity of these dif-
ferent structural forms of disturbance is vital if conservation
strategies are to be effectively prioritised.

2. Methods

All data comes from primary forest terra firme sites where bird
capture data were available from undisturbed forest and for-
est disturbed by fragmentation, fire, or selective logging (see
Fig. 1). We minimised the geographic variation in species
composition and the potential influence of any variation in
historical environmental stability on species resilience (Dan-
ielsen, 1997; Jones et al., 2001) by restricting the analysis to
Amazonia. Sites were located (from east to west) in or near
Paragominas (Kranz, 1995), the Tapajés National Forest (Henr-
iques and Wunderle unpublished data), the Tapajés-Arapiuns
Extractive Reserve (Barlow et al., 2002; Barlow and Peres,
2004b), about 80km north of Manaus (BDFFP; Guilherme
and Cintra, 2001), and the Imataca Forest Reserve, Venezuela
(Mason, 1996).

The undisturbed forest treatments that were used as con-
trols were located within the same landscapes as the distur-
bance treatments. Selectively logged forests are defined as
those where the selective felling of species of commercial va-
lue had occurred (i.e. patch cuts), though we also include
three silvicultural treatments — pre-harvest liberation thin-
ning (girdling of non-commercial tree species in an attempt
to increase growth rates and densities of commercially viable

Table 1 - Methodological differences between studies

Study Hours nets Number of
were open® nets per sample

Other methodological details

Mason (1996) 0600-1430 18-21
Barlow and Peres (2004b) 0600-1800 24
Barlow et al. (2002) 0600-1800 24
Kranz (1995) 0600-1200 20
Guilherme and Cintra (2001) 0600-1200 n.a.
BDFFP 0600-1400 8 or 16°
Wunderle et al. (in press) 0600-1500 64

Gaps and logging roads avoided

Large tree falls and existing trails avoided

Large tree falls and existing trails avoided

Gaps avoided

Nets located along established tracks

Isolates of different ages; most isolates more than

100 m from continuous forest

Nets arranged in groups of two, stratified design targeted forest matrix,
natural treefalls and logging gaps

All studies focused on single disturbance events, with the exception of Kranz (1995), where burned forests had been logged prior to the fire.

n.a., not available.

a BDFFP used eight nets per netline in 1 ha fragments and 16 nets per netline in 10 and 100 ha fragments.
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Table 2 - Studies and disturbance types used in the analysis

Treatment code® Study Disturbance Years since Total net Number of local
disturbance hours spatial replicates
t1 Guilherme and Cintra (2001) None - 1440 3
t2 Guilherme and Cintra (2001)  Selectively logged 10 1440 3
(all trees = 55 cm DBH)
t3 Guilherme and Cintra (2001)  Selectively logged 10 1440 3
(all trees = 50 cm DBH)
t4 Guilherme and Cintra (2001)  Selectively logged 8 1440 3
(all trees = 40 cm DBH)
t5 Guilherme and Cintra (2001) Selectively logged 4 1440 3
(all trees = 55 cm DBH)
t6 Guilherme and Cintra (2001)  Girdling of tree species 11 1440 3
without commercial value
t7 Wunderle et al. (in press) None 7168 2
t8-a Wunderle et al. (in press) Selectively logged 3584 2
(under FLONA management)
t9-b Wunderle et al. (in press) Selectively logged 3 3584 2
(under FLONA management)
t10 Mason (1996) None - ~5000 6
tll-a Mason (1996) Selectively logged <1 ~1250 2
t12-b Mason (1996) Selectively logged 5-6 ~2500 2
t13 Mason (1996)* Logged with vines cut 5 ~1250 2
t14 Mason (1996)? Logged with enrichment strips 5-6 ~2000 2
t15 Barlow and Peres (2004b) None - 7200 10
tl6-a Barlow et al. (2002) Once-burned 1 5760 8
t17 -b Barlow and Peres (2004b) Once-burned 3 8640 12
t18 Barlow and Peres (2004b) Twice-burned 3 4320 6
t19 Kranz (1995) None — 720 3
t20 Kranz (1995) Selectively logged and once-burned 1 720 3
21 BDFFP® None - 4096 1
t22-a BDFFP® 1 ha fragments 1 3368 5
t23-b BDFFP® 1 ha fragments 3 1415 5
t24 - c BDFFP® 1 ha fragments 5 1345 5
t25-a BDFFP® 10 ha fragments 1 12239 4
t26 -b BDFFP® 10 ha fragments 3 2579 4
t27 - ¢ BDFFP® 10 ha fragments 5 2485 4
t28 —a BDFFP® 100 ha fragments 1 10006 2
t29-b BDFFP® 100 ha fragments 3 2644 2
t30-c BDFFP® 100 ha fragments 5 1922 1

a Time since logging only - the additional silvicultural practices of vine cutting and enrichment strips occurred 1 year and 3 years prior to

sampling, respectively.
b Biological dynamics of forest fragment project (BDFFP).
c Letters denote temporal replicates of the same spatial samples.

species; Guilherme and Cintra, 2001), the post-harvest cutting
of vines (to minimise competition faced by commercially
valuable trees; Mason, 1996) and the post-harvest creation
of enrichment strips (3 m x 100 m strips placed 50 m apart,
and planted with commercially desirable species; Mason,
1996). Forest isolate data are from the three fragment sizes
(1, 10 and 100 ha) examined in the Biological Dynamics of For-
est Fragment Project (BDFFP hereafter) (Bierregaard et al,,
2001). Two wildfire regimes are examined - low-intensity sur-
face wildfires in forest that had burned only once in living
memory, and higher intensity recurrent fires in forests that
burned twice in the last 12 years. Flame heights rarely exceed
30 cm in once-burned forest. Fires in forests burning for a sec-
ond time are typically more intense, with flames occasionally
reaching into the canopy (e.g. Cochrane and Schulze, 1998).
Understorey birds are suitable for this kind of analysis as
they are good indicators of disturbance in tropical forests,

responding to changes in local vegetation structure (Mason,
1996; Pearman, 2002; Barlow et al., 2002; Barlow and Peres,
2004b), landscape scale processes (Stouffer and Bierregaard,
1995a,b; Robinson, 1999; Pearman, 2002), and floristic compo-
sition and the availability of food resources (Bersier and
Meyer, 1994; Barlow and Peres, 2004b). Furthermore, Amazo-
nian birds are relatively well studied from a taxonomic and
ecological standpoint (Cohn-Haft et al., 1997; Terborgh, 1985;
Terborgh et al.,, 1990; Oren and Parker, 1997), allowing a spe-
cies classification into foraging and dietary guilds (see Table
3). We use the guild classification of Terborgh et al. (1990),
with information on additional species extracted from Sick
(1997); Hilty and Brown (1986); Thiollay (1994), and Ridgley
and Tudor (1989, 1994). Guilds are a useful tool for examining
community changes in species-rich environments (Terborgh
and Robinson, 1986), facilitating comparisons between com-
munities that differ in species composition. The classification
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Table 3 - Foraging and dietary guild classifications, and results from correlations between guild abundance (standardised

between studies by using the proportion each guild contributed to each sample, n = 30), and MDS axis scores 1 and 2 (see

)

Foraging and dietary guild Guild code MDS axis 1 MDS axis 2
r b r b

Arboreal frugivore FA —-0.12 0.519 0.61 <0.001
Terrestrial frugivore FIT 0.26 0.167 —0.25 0.178
Arboreal granivore GA 0.59 0.001 0.25 0.179
Terrestrial granivore GIT 0.06 0.768 0.44 0.016
Ant-following insectivore IAF -0.90 <0.001 0.14 0.475
Arboreal gleaning insectivore IAG 0.75 <0.001 —0.18 0.330
Arboreal sallying insectivore IAS -0.20 0.288 —0.56 0.001
Internal bark-searching insectivore IBI 0.65 0.000 0.33 0.076
Bark-searching insectivore IBS —-0.08 0.655 —0.63 <0.001
Dead leaf gleaning insectivore IDL —-0.33 0.078 —0.15 0.435
Terrestrial gleaning insectivore ITG 0.19 0.316 —0.40 0.029
Terrestrial sallying insectivore ITS 0.06 0.753 —0.39 0.035
Arboreal nectarivore NA 0.60 <0.001 0.44 0.014
Arboreal omnivore OA 0.08 0.683 0.24 0.199

Statistics not shown for diurnal raptors, nocturnal raptors and aquatic guilds.

of Stotz et al. (1996) was also used to group species by their
sensitivity to disturbance.

Mist-netting is a useful technique for sampling the non-
vocal and secretive understorey birds (Karr, 1981), which are
often the most susceptible to forest disturbance (Johns,
1991; Aleixo, 1999). A number of studies based on point
counts were excluded from this analysis, as this method
has yet to be used to examine the effects of fires or fragmen-
tation in Amazonian forests. Furthermore, abundance esti-
mates from mist-netting and point-counts often differ
(Lambert, 1992), while direct observations may be biased
when established trails and logging roads were used to sam-
ple birds (Johns, 1989; Thiollay, 1992). One of the key advanta-
ges of mist-netting is that it is more robust to differences in
observer ability than techniques involving direct observation.
Finally, as mist-netting targets small understorey species,
these results are largely independent of the potentially con-
founding factor of subsistence hunting, which is one of the
most pervasive anthropogenic influences on larger verte-
brates throughout Amazonia (Peres and Lake, 2003).

All studies were conducted in the forest understorey using
similar nets with the same mesh size (36 mm). However, they
still varied in their methodology (Table 1), and capture suc-
cess can still be highly variable (see Remsen and Good,
1996), depending on (among other things) the spatial configu-
ration of the nets, the season when netting occurred, the time
of day when nets were opened, the number of days that net-
lines were operated in the same place, and whether nets were
placed along established or new trails. Therefore, although all
capture data were converted to captures per 1000 mist-net
hours (hereafter, mn-h) to compare between samples with
different sizes (mn-h), it was also necessary to standardise
the data within Primer v.5 in order to compare guild abun-
dances between studies with different capture rates. Unstan-
dardised data were used in all analysis where disturbed forest
samples were compared directly with their local control
sample.

Because studies differed in sample effort, understorey bird
composition and diversity, all disturbed forest samples were
compared with the undisturbed forest sample from the same
study. The % dissimilarity between the community composi-
tion of each disturbed forest sample and the undisturbed for-
est control was calculated using the Bray-Curtis similarity
index, comparing all captures identified to species level. The
use of the Bray-Curtis index as our primary measure of distur-
bance severity was supported by highly significant correla-
tions between this and other measures of avifaunal
responses to disturbance. These include the % change (from
undisturbed forest) in the abundance of species classified by
Stotz et al. (1996) as disturbance sensitive (r = —0.734, n = 24,
p=<0.001), changes in the % dissimilarity of understorey
and terrestrial species only (r=0.91, n=24, p=<0.001), the
number of shared species (r=—0.46, n =24, p =<0.026), and
the Jaccard dissimilarity index (r=0.88, n=24, p=<0.001).
The severity of the effects (average % dissimilarity from pri-
mary forest) were compared with an ANOVA test, with distur-
bance type (fragmentation, logging or low-intensity fire) as
the independent variable, and time since disturbance entered
as a covariate.

Non-metric multi dimensional scaling (MDS) was used to
ordinate samples based on the relative abundance of foraging
and dietary guilds. All MDS was undertaken in PRIMER v.5
(Clarke, 1993) using the Bray-Curtis similarity index. A plot
with 2 axes was preferred over a plot with 3 axes as the stress
was already below 0.2, and the addition of a third axis did lit-
tle to reduce it further (Clarke, 1993). Plots were rotated to dis-
play the highest amount of variance on axis 1. MDS was
preferred over other ordination methods because fewer
assumptions are made over the shape of guild responses,
although similar ordinations were achieved using other
methods such as Canonical correspondence analysis (CCA)
using CANOCO v.4.5 (Ter Braak and Smilauer, 1998). PRIMER
v.5 was also used to conduct ANOSIM (Analyses of Similarity;
Clarke and Green, 1988) to test for significant differences
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Fig. 1 - A schematic representation of the forms of habitat degradation in Amazonian forests examined here, from: (A)
undisturbed forest (intact canopy with natural tree fall gaps), (B) selectively logged forest, (C) selectively logged forest with
enrichment strips, (D) once-burned forest (a more open canopy punctuated by large treefall gaps, and patches of unburned
forest), (E) twice-burned forest (a very open canopy disrupted by many large tree fall gaps, and a few areas of lightly burned
forest), and (F) forest isolates, with relatively intact canopies (at the time of sampling).

between disturbance types, and to calculate the index of mul-
tivariate dispersion (Warwick and Clarke, 1993). The influence
of the different foraging and dietary guilds in determining the
MDS ordination were examined by correlating guild change
with the MDS axes. (see Fig. 2)

3. Results

This analysis combined data from over 100,000 mn-h of sam-
pling effort (Tables 1 and 2), resulting in the capture of 279
species. Only 10% of the species (26) were captured in all stud-
ies. However, the community composition (calculated from
the abundance of the 17 guilds in Table 3) of undisturbed for-
est plots was similar across sites, despite these regional dif-
ferences in species composition and the methodological
differences between studies (Table 1). All six undisturbed for-
est samples clustered closely together in the MDS ordination
(Fig. 2), and had a lower index of dispersion than any of the
disturbance types (Index of Multivariate Dispersion for sam-
ples was 0.57 in undisturbed forest; 1.05 in logged forest;
1.08 in forest fragments; 1.10 in once-burned forest). Further-
more, greater geographic distance between undisturbed sites
did not lead to significantly lower similarity between the bird
communities (pairwise comparisons between the Bray-Curtis
similarity and the actual distance between sites: two-tailed
test, rs = —0.25, n =15, p = 0.37).

3.1.  Differences between disturbance types

The three forms of disturbance (logged, burned and frag-
mented forest), all tended to form discrete clusters in the
MDS ordination, although selectively logged forest and silvi-
culture samples were statistically indistinguishable from con-
trol samples (Table 4). However, they were considerably more

dispersed in MDS space (Fig. 2), and logged forest samples
with high levels of canopy perforation and understorey per-
turbation (such as those with additive silvicultural practices
such as enrichment strips; t14 in Fig. 2) ordinated closer to
the once-burned forest samples than those with lower rates
of forest disturbance, such as girdling (t6 in Fig. 2). Burned
and fragmented forests grouped separately along MDS axis
2, and were significantly different from each other, as well
as from the logged and control samples (Fig. 2, Table 4).

3.2.  Avifaunal dissimilarity between disturbance types

All disturbance samples were considerably less similar to the
neighbouring undisturbed control samples than the back-
ground levels of spatial and temporal dissimilarity measured
within undisturbed forest (Fig. 3). There were significant dif-
ferences between the average severity of disturbance types,
despite using a very coarse classification: selective logging
had the least influence on the % dissimilarity of understorey
birds from the undisturbed controls, while fire disturbance
had the greatest effect (mean + SE difference from undis-
turbed forest in logged forest = 35.7 + 6.4% (n = 11); forest frag-
ments =49.7 + 15.6% (n=9); once-burned forest=>54.1+ 1.6%
(n = 3); twice-burned forest = 89.2% (n = 1); ANOVA (excluding
twice-burned forest, and with time since disturbance in-
cluded as a covariate; time; F;, 19 = 0.28, p = 0.60; disturbance
category; F, 19 =5.05, p =0.017). The variation within distur-
bance types was high, and although low-intensity selective
logging and silvicultural treatments had the least effect on
understorey bird composition, the creation of enrichment
strips after logging altered the avifauna to a similar extent
as low-intensity surface fires and the isolation of 10 and
100 ha fragments (Fig. 3).
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Fig. 2 - MDS ordination of 24 disturbance samples and six undisturbed forest controls, ordinated by similarity based on the
abundance of foraging and dietary guilds. There were significant differences between groups (ANOSIM, global R = 0.42,

p = 0.001), and only undisturbed controls and logged forest samples were statistically indistinguishable (see Table 4). Lines
link temporal replicates of the same sample. See Table 2 for disturbance codes.

Selective logging, fragmentation, and surface fires also ap-
peared to have distinct effects on avian guild structure across
the range of temporal classes examined (Fig. 2). Axis 1 is a
strong correlate of disturbance severity, and the disturbed for-
est samples correlated very highly with the % dissimilarity of
species composition from primary forest shown in Fig. 3
(r=0.86, n =24, p <0.001). These differences along axis 1 were
driven by strong declines in ant-following insectivores, and
increases in arboreal nectarivore, internal bark-searching
insectivore, arboreal gleaning insectivores and arboreal grani-
vores (Fig. 2, Table 3). Axis 2 was not correlated with overall
disturbance severity (r = —0.04, n = 24, p = 0.87), but was asso-
ciated with declines in external bark-searching and arboreal

sallying insectivores, and strong increases with arboreal
frugivores (Table 3).

4, Discussion

This cross-site comparison between the effects of selective
logging, forest fragmentation and wildfires revealed consider-
able differences in the relative severity of their short-term im-
pacts upon understorey bird assemblages. First we examine
the differences in avian responses between disturbance
types, and then discuss the implications of these results for
conservation planning in tropical forests, and highlight future
research priorities.

Table 4 - Analyses of similarity (ANOSIM) and analyses of variance (ANOVA) results for comparisons between 30 mist-net

samples grouped by treatment type (grouped as PF - undisturbed primary forest, LF - logged forest, BF — once-burned
forest, and FR - forest fragments)

Comparison ANOSIM ANOVA Tukeys post-hoc

T p p - Axis 1 p — Axis 2
PF-LF —0.08 0.79 Ns Ns
PF-BF 0.91 0.012 0.005 0.016
PF-FR 0.44 0.001 0.001 Ns
LF-BF 0.58 0.003 0.002 Ns
LF-FR 0.55 0.001 <0.001 <0.001
BF-FR 0.40 0.045 Ns <0.001

ANOSIM was conducted on the similarity matrix based on the Bray-Curtis similarity index. ANOVA results shown are Tukeys post-hoc tests
from comparisons using MDS axis scores. The twice-burned forest sample was excluded from this analysis because n = 1.
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Fig. 3 - The % dissimilarity (Bray-Curtis) of the avifauna (all identified captures) in 24 disturbed forest samples from their
undisturbed forest controls. The number of years since disturbance are indicated in brackets. The two primary forest bars
show average dissimilarity values in undisturbed primary forest, derived from a temporal comparison between the same
plots sampled 2 years apart (Barlow and Peres, 2004b), and a spatial comparison between two sites sampled simultaneously.

4.1. Responses to anthropogenic disturbance

The assumption that the composition of guilds sampled by
mist-nets is similar across the Amazonian primary forests
where these studies took place was supported. Undisturbed
primary forest samples clustered together in the MDS ordina-
tion and had a low index of dispersion. For instance, there
was no significant relationship between the geographic dis-
tance between sites and the similarity of the undisturbed for-
est samples at each site. Most of the differences between
studies can therefore be attributed to the disturbance type re-
gime rather than to the differences between their methodol-
ogies or the potential effect of geographic location.

Logging, fires and fragmentation differed from each other
in terms of their average severity (Fig. 3) and in their effects
on guild composition. While burning and the creation of
small fragments were similar in terms of their severity (see
axis 1, Figs. 2 and 3), they were significantly different on axis
2, reflecting the high post-fire abundance of guilds such as
granivores, frugivores and nectarivores, which can benefit
from intermediate levels of disturbance such as natural tree
fall gaps, soil disturbance, canopy perforation or edge crea-
tion (Levey, 1988; Restrepo et al., 1999; Barlow and Peres,
2004b; Wunderle et al., 2005).

4.2.  Implications for the conservation of forest birds
Determining the relative severity of anthropogenic influences
in tropical forest is an important step if conservation action is
to be effectively implemented. We assess each disturbance
type in turn, examining the conservation implications of their
continued spread across tropical forests.

4.2.1. Selective logging

Selective timber harvest is an important economic activity in
tropical forests, where it has received considerable attention
from ecologists and economists, and been promoted as the
least environmentally damaging of the financially viable land
uses (Pearce et al., 1999). Although the effect of low-impact
logging on species composition was clearly detectable here
(Fig. 3), the effects of logging were generally smaller than
other disturbance types, supporting claims that carefully
managed selective logging operations can help maintain rela-
tively high levels of biodiversity. However, it should be recog-
nised that these results may not be representative of large
areas of logged forests far from recolonisation sources, and
that the effects of repeated timber harvest over variable time
intervals remain unknown (Bawa and Seidler, 1998). Further-
more, it is essential that logged forests are carefully managed
to prevent fires, haphazard human settlements, fragmenta-
tion, and hunting, all of which are associated with most con-
temporary logging activities (Laurance, 1998), and can be
extremely detrimental for forest wildlife.

4.2.2. Silviculture

Some logging operations are modified by silviculture in an at-
tempt to increase future commercial returns, or minimise
collateral damage. The evidence from Mason (1996) suggests
that the post-felling creation of enrichment strips increases
the degree to which the bird assemblage diverges from those
of undisturbed forest, and should be discouraged if biodiver-
sity conservation is placed above economic yield. Paradoxi-
cally, vine cutting after logging appeared to reduce the
effects of the logging operation (Mason, 1996), possibly by pre-
venting the post-disturbance dominance of vines (Laurance
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et al,, 2001b). However, any slight benefits for understorey birds
should be balanced against the potential loss of many liana-
dependent species. Although the girdling of non-commercial
species produced one of the least noticeable effects, this was
sampled before the remaining commercially viable species
were subsequently felled and removed (Guilherme and
Cintra, 2001), when much higher levels of disturbance would
occur.

4.2.3. Forest fragmentation

Many bird studies report detrimental responses to the isola-
tion of tropical forest patches (Bierregaard and Lovejoy, 1989;
Stratford and Stouffer, 1999; Stouffer and Borges, 2001;
Robinson, 1999; Lambert and Collar, 2002). We show that
the community responses (in terms of the % difference from
primary forest) for 1-100 ha plots are comparable to those
found following low-intensity wildfires, providing a strong
argument against the creation of small forest isolates. Fur-
thermore, results from the BDFFP fragments should be con-
sidered as conservative compared to forest isolates created
through road building and the expansion of cattle ranching,
cash crops, and mining operations. This is because (1) non-
experimental fragments are often highly irregular in shape,
and have much higher edge-area ratios than the square
fragments studied in the BDFFP; (2) almost all ‘real world’
fragments created outside of experimentally controlled situ-
ations are subjected to high levels of associated anthropo-
genic disturbance events such as selective logging, hunting
and fires (Cochrane and Laurance, 2002; Lambert and Collar,
2002; Peres and Michalski, in press); (3) BDFFP fragments
were located close to source populations in continuous pri-
mary forest, and are not representative of fragments in the
active deforestation frontiers of southern and eastern
Amazonia (Peres and Michalski, in press); (4) we only include
data from 1 to 5 years following isolation, before the ecolog-
ical implosion of isolates (Laurance et al., 1997; Gascon et al.,
2000; Laurance et al., 2002) when most avian extinctions are
known to occur (Brooks et al., 1999; Robinson, 1999; Ferraz
et al., 2003).

4.2.4. Surface wildfires

The spread of fires into primary forests should be seen as one
of the greatest threats to the conservation of the understorey
forest birds: low-intensity fires in unlogged and logged-and-
burned forests altered avifaunal composition of forests to a
similar extent as the most severe forms of selective logging
(with additional post-felling silvicultural practices) and the
smallest fragment sizes (Fig. 3). As forests affected by logging
or by edge-dependent effects of fragmentation are more likely
to burn than undisturbed primary forest (Uhl and Buschb-
acher, 1985; Holdsworth and Uhl, 1997; Cochrane et al.,
1999; Nepstad et al.,, 1999; Cochrane and Laurance, 2002),
these results strongly suggest that any edge-creation or log-
ging should take into account the vulnerability of forests to
fire. Furthermore, because even undisturbed forest can burn
during severe ENSO-related droughts (Peres, 1999; Barlow
and Peres, 2004a), haphazard development should be re-
stricted and ignition sources controlled in seasonally-dry for-
ests that have low flammability thresholds, such as those on
sandy soils (Nepstad et al., 1998).

Furthermore, many forests have already succumbed to
fire, setting in motion a positive feedback process that ren-
ders them increasingly likely to burn again (Cochrane et al.,
1999; Nepstad et al., 1999). Such recurrent fires were by far
the most severe form of forest degradation examined here,
reinforcing the need for the careful control of large-scale for-
est disturbance in fire-sensitive areas. We suggest that the
creation of large primary forest reserves or National Forests
along developing frontiers may be the most effective way of
preventing haphazard frontier expansion and the associated
spread of wildfires.

4.3.  Analytical limits and future research priorities

This analysis focused on guild and community level re-
sponses, allowing comparisons between studies with differ-
ent sample sizes and from forests containing different
species. However, this approach had important limitations,
and many of the species-level responses to disturbance were
not investigated. Furthermore, we would expect more differ-
ences among guild responses to different forms of distur-
bance to emerge with increased replication, a better
understanding of heterogeneity within disturbance types,
and a finer classification of disturbance classes. A number
of further caveats are worth considering.

Temporal change: Because of a lack of long-term data, this
study was focused on the short-term effects of disturbance.
Temporal shifts in community structure are an integral part
of post-disturbance responses (Bierregaard and Lovejoy,
1989; Thiollay, 1992; Stouffer and Bierregaard, 1995b; Wun-
derle, 1995; Mason, 1996; Ferraz et al., 2003; Barlow and Peres,
2004b), and were also evident here within this study (Fig. 2).
However, small sample sizes and uneven temporal replication
meant we were unable to examine the potential interaction
between disturbance type and the post-disturbance temporal
changes in bird communities. Moreover, from a conservation
perspective longer term data are required to accurately com-
pare the prospects for the post-fire recovery of forest wildlife,
and assess the long-term sustainability of repeated timber
harvests.

Species persistence: The presence of a species in an area
does not necessarily mean that they are suitable for its
long-term persistence (O’Brien et al., 2003), particularly as
these studies focused on areas of disturbed forest that were
near source populations in primary forest.

Vegetation structure: Although all studies reported at least
some data on forest structure, the variables measured often
differed and it was not possible to use these to make quan-
titative comparisons with changes in the avifauna. Interpre-
tation of results in the future will be greatly enhanced by
the collection (and reporting) of a number of standardised
forest structure variables, such as the number of live trees,
stand basal area, canopy cover, and understorey vegetation
density.

Sampling methodology: Although mist-netting allowed us to
compare data from seven studies, it can also be biased (see
Section 2 and Remsen and Good, 1996). While studies based
on standardised point counts were insufficient to be included
in this analysis, their future inclusion would add important
information on species rarely captured in mist-nets.
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Synergistic effects: The disturbance types examined here
rarely occur independently of each other (e.g. logging and frag-
mentation lead to fires, and fragments are frequently logged;
e.g. Cochrane and Laurance, 2002; Peres and Michalski, in
press). However, very few studies address the effects of two
or more co-occurring disturbance events, which may have syn-
ergistic and increasingly detrimental effects on forest wildlife.

5. Conclusion

It is self-evident that management strategies that succeed in
reducing the: (1) removal rates and damage during logging
operations, (2) creation of forest fragments, or (3) the extent
of burn coverage and the severity of fires will prove beneficial
for disturbance-sensitive forest wildlife. However, by compar-
ing their relative severity, this analysis highlights the extre-
mely damaging nature of forest fires and the isolation of
small fragments, and also suggests that low-intensity and
carefully managed logging practices could play an important
role in Amazonian forest wildlife conservation if used as an
economically viable complement to the preservation of pris-
tine forest. Forests managed for selective logging will prove
especially useful if these are located in areas that would
otherwise be subjected to haphazard and illegal frontier
advance.
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